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Abstract
Over the past two decades, researchers have sought to establish empirical
evidence for an Environmental Kuznets Curve (EKC) for carbon dioxide (CO2),
with varied results. This study builds on that research to re-evaluate whether the
EKC exists for CO2 emissions, using an improved dataset and the enhanced
econometric technique Generalized Methods of Moments (GMM) estimator. The
aims determine how various factors like economic growth, and energy use
influence CO2 emissions. The CO2 emission rate is the dependent variable and
the independent variables of the model include the lagged dependent variable,
GDP per capita (constant 2010 US$), and energy use. We find that EKC is based
on economic growth for ASEAN countries, and increased energy use actually
increase CO2 emissions
Keywords : ASEAN, CO2, Environmental Kuznets Curve,GMM.
31. Introduction
One important issue for more than two decades among the international
community is global warming and climate change. Global warming and climate
change is a phenomenon of increasing the concentration of greenhouse gases in
the atmosphere due to various human activities as a result of economic
development activities. Burning fossil fuels is one of the largest sources of
greenhouse gases. Coupled with deforestation which contributes to the problem,
because the loss of function of the forest transforms CO2 into gases into biomass.
The risk of global climate change resulted from increase in Greenhouse Gas
(GHG) emission presents a profound concern for current economic growth and
welfare of both developed and developing economies. According to an estimate,
CO2 emissions have increased more than ten-fold since the start of global
economic and industrial revolution. Similarly as a result atmospheric
concentrations of CO2 have increased by 30% (Olivier et al. 2012).
Carbon dioxide emissions come from the consumption of carbonintensive
resources such as wood, coal, or other fossil fuels. The normal planetary carbon
cycle usually can regulate these emissions to create a stable feedback system,
preventing a dangerous accumulation of CO2 in the atmosphere. However, the
vast increase in CO2 emissions from economic development has overwhelmed the
ability of the planet to absorb this greenhouse gas (GHG), with emission levels
rising 30% from the 19th century to the late 20th century (Heil and Selden,2001).
Should the CO2 concentration continue to grow, it can radically transform climate
patterns to create significant disruptions in the global environment as well as
create other environmental problems (Shi,2003).
Concerns over these dangers have led researchers to explore more actively
the CO2 emissions among countries, particularly by attempting to determine
whether or not an Environmental Kuznets Curve (EKC) for CO2 actually exists.
Yet previous studies have found mixed results for a CO2 EKC (Burnett et al.,
2013b; Poudel et al., 2009), thereby leading some researchers like Martinez-
4Zarzoso et al. (2007) to call for additional investigations into the relationship
between CO2 emissions and economic growth..
Several studies showed the relationship between economic development
and environmental degradation. Stern (2004) said that through a curve named
Environmental Kuznets Curve (EKC), environmental degradation and pollution
would increase in the early stages of economic development, but beyond some
levels, economic growth will lead to environmental improvement. Thus, Arouri et
al (2012) stated that real GDP had a significant impact on long-term toward
carbon dioxide emission. Their research also showed that real GDP and carbon
dioxide emissions had a quadratic relationship. Moreover, Farhani et al (2014)
who investigating the dynamic relationship between carbon dioxide emissions,
output, and trade, found that energy consumption, trade, GDP, and quadratic GDP
caused CO2 emissions.
Additional studies, though, failed to find an EKC for CO2 emissions,
suggesting that CO2 and other GHGs do not decline after a country reaches a
higher stage of economic development. They discovered instead that
CO2emissions increase monotonically with income (Dijkgraaf and Vollebergh,
2005; Galeotti, 2007; Shafik and Bandyopadhyay, 1992).
Other researchers noticed that CO2 emissions continued to increase only
for developing countries (Lipford and Yandle, 2010; Schmalensee et al.,1998).
Moreover, a number of researchers have argued that CO2emissions decline only
at a very high income per capita, which can prevent countries that lack sufficient
resources or development from attaining a decrease in CO2 emissions (Dasgupta
et al., 2002). Other research revealed that CO2 emissions occur with an N-shaped
curve, with emissions declining after a country reaches high economic
development but then increasing again at even higher income levels (Galeotti,
2007;Musolesi and Mazzanti, 2010).
ASEAN is an association of countries in the Southeast Asia region. Since
it was formed as a regional organization on August 8, 1967 in Bangkok (Thailand)
member countries have put economic cooperation as one of the main agendas that
needs to be developed. Initially economic cooperation focused on programs
5providing trade preference (preferential trade), joint ventures (joint ventures), and
complementary schemes (complementation schemes) between member
governments and private parties in the ASEAN region, such as the ASEAN
Industrial Projects Plan (1976), Preferential Trading Arrangement (1977),
ASEAN Industrial Complementation scheme (1981), ASEAN Industrial Joint-
Ventures scheme (1983), and Enhanced Preferential Trading Arrangement (1987).
The majority of ASEAN member countries are developing countries so they have
an economic orientation to increase economic growth.
The purpose of this paper is to examine whether the EKC can be applied in
ASEAN to represent environmental indices, carbon emissions. In the past few
decades, intra-economic integration in terms of trade and investment has taken
place in ASEAN. This consolidation will be further strengthened as a result of the
establishment of the ASEAN Economic Community. The ASEAN economy is at
a different stage of development consisting of high-income countries, such as
Singapore and Brunei Darussalam, middle-income countries, such as Malaysia,
Indonesia and Thailand, and low-income countries, such as Cambodia and
Myanmar, thus becoming main area for analyzing EKC.
The remainder of the results of this paper, containing a discussion of the
empirical literature on EKC and the contribution of this paper in sections 2 to 3
review data, section 4 presents the empirical model, section 5 publishes the
estimation results, and section 6 offers some conclusions.
2. Literature Review
To address the worries by Meadows et al. (1972) over the negative
environmental consequences of economic growth, Grossman and Krueger (1991,
1995) developed the concept of the Environmental Kuznets Curve. They applied
Kuznets (1955) original notion of an inverted U pattern between economic
development and income inequality to the relationship between economic
development and environmental quality. The EKC theorizes that an inverted U
shape also exists for various pollutants where higher income levels tend to foster
less environmental degradation. A CO2 EKC would see economic development
6initially contributing to higher emissions but further economic growth then
leading to a decrease in those emissions, due to technological advancement and
the shift to a service-based economy (Galeotti, 2007).
Empirical tests and theoretical debates on EKC have been ongoing since it
was discussed in 1992 in the World Development Report 1992: Development and
the Environment by the World Bank. Until the mid 1990s, most of the empirical
studies concentrated on validating the EKC hypothesis and its requirements by
using cross-sectional data. Some of evidence on pollutants supported the validity
of EKC, such as the work of Grossman and Krueger (1995) and Selden and Song
(1994), while other studies indicated that EKC did not hold at all times and for all
pollutants, such as the work of Shafik (1994). Since the late 1990s, the EKC
studies have shifted from cross-sectional analyses to time-series analyses,
especially analyses for comparing EKC of individual economies in terms of such
factors as the height and the timing of their peaks or their shapes as found in the
works of, among others, Panayotou (1997) and De Bruyn, Van den bergh and
Opschoor (1998).
Yet CO2 has an externality problem that can negatively impact the
possibility of an EKC in that people and countries do not experience direct harms
from excessive releases of CO2 (Arrow et al., 1995; Dinda, 2004; Shafik and
Bandyopadhyay, 1992). Carbon dioxide does not immediately cause health or
environmental problems, as does SO2, nor does emitting CO2 produce strong
visible evidence that might inspire public action (Dijkgraaf and Vollebergh, 2005;
Halkos, 2003; Lipford and Yandle, 2010; Panayotou, 2003). Instead, CO2 has an
indirect but global impact as a GHG (Carson, 2010). Hence people commonly
have more of an abstract awareness of the dangers of CO2, which consequently
does not often inspire action from them. This CO2 externality can allow CO2
emissions to continue to rise as economic growth expands.
73. Data
We test for a potential CO2 EKC by using improved panel datasets created
from the World Bank Development Indicators (World Bank,2017) that have more
current data from 2007 to 2014. The CO2 emission rate is the dependent variable,
CO2, measured in terms of metric tons per capita. These emissions come from the
use of fossil fuels in production and consumption as well as cement
manufacturing (World Bank, 2012). Brunei Darussalam is a country with CO2
emissions levels used by Singapore and Malaysia, while the country with the
lowest CO2 emissions is Myanmar.
Figure 1 : CO2Emission In ASEAN 2007-2017
Source: World Development Indicators
The independent variables of the model include the lagged dependent
variable, GDP per capita (constant 2010 US$), energy use (kg of oil equivalent
per capita). We use CO2t-1 with the idea that the externality of CO2 suggests that
countries with high CO2 emissions generally will persist in generating elevated
emissions over time, particularly considering the difficulties and costs of reducing
CO2at the source of emissions (Martinez-Zarzoso et al., 2007). GDP denotes per
8capita GDP and we include the quadratic form, GDP2, to determine if it confirms
the EKC.
Figure 2 : GDP percapitaASEAN 2007-2017
In US$
Source : ASEAN Statistical Yearbook 2017
Singapore is an ASEAN country with the largest income per capita with an
average value of 47,907 US $ per year followed by Brunei Darussalam in the
second rank with an average value of 39,581 US $ per year. Myanmar and
Cambodia have the lowest per capita income with values of 874.5 US $ and
882.75 US $ respectively.
The early literature on Environmental Kuznets Curves additionally often
sought to establish a universal turning point for all countries (Grossman and
Krueger, 1991). Later work argued strenuously against such income determinism
(Unruh and Moomaw, 1998),suggesting that development trajectories can be
similar or dissimilar but rarely exact (Cole, 2005; Galeotti and Lanza, 1999;
Webber and Allen, 2010). Likewise, we argue that CO2turning points at best only
represent the average among all the countries rather than a deterministic summit
that marks the start of the downward phase of the curve; therefore we do not
ascertain turning points.
94. Empirical Model
Many researchers throughout the EKC literature have relied on fixed or
random effects linear models to produce their econometric results. However, these
estimation methods have significant problems like heteroskedasticity and
importantly endogeniety(Cole, 2003; Lee et al.,2003), which then limits their
effectiveness in determining the actual relationships among CO2 emissions,
economic development, and other factors. Halkos (2003) suggested that these
previous methods thus had considerable problems with misspecification and could
not accurately depict EKC patterns.
Other researchers, though, have recognized that the complex interaction
over time between economic growth and CO2itself is dynamic rather than linear
(Carson, 2010; Dinda, 2004). Various studies consequently have adopted non-
linear dynamic modeling with the understanding that it better accounts for the
changing aspects of the data and can produce more efficient results by controlling
for time-based autocorrelation (Auffhammer and Carson, 2008; Burnett et al.,
2013a). In particular, some researchers have used Generalized Method of
Moments (GMM) to achieve their estimation results because it offers an
instrumental variable estimation technique that attains consistency and accuracy
(Halkos, 2003; Lee et al., 2003). As a dynamic model, GMM has particular
relevance for solving country-specific effects and endogeneity.
The GMM model uses first differences in the equation to control for
unobserved country-specific effects like geographic features, daily climatic
change, etc. (Maddison, 2006; Sharma, 2011).We also recognize potential
endogeneity concerns with the energy use regressor; we therefore instrument this
variable by using a one period lag. The GMM estimation consequently reduces the
error term to “white noise,” thereby eliminating endogeneity due to correlation
between the error term and the independent variables (Halkos, 2003The lag of the
energy use variable also prevents endogeneity due tosimultaneity bias (Lee et al.
2010), particularly in that current emissions of CO2 cannot influence past levels
of energy use. In eliminating endogeneity, we restore the orthogonality conditions
of the independent variables to attain “unbiased and consistent estimates” (Halkos,
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2003). The GMM estimation thus works under the assumption that all
independent variables besides the lagged dependent variable are exogenous and
act as valid instruments. The GMM estimation technique therefore corrects for
heteroskedasticity and it creates efficient as well as unbiased results.
The equation for the model takes a modified form of the Beck And Joshi
(2015) GMM dynamic panel-data estimation that corrects the bias problems that
occurred with earlier forms of GMM. The equation uses balanced panel data form:
CO2it = β1(CO2i,t-1)+β2(GDPit) + β3(GDP2it) + β7(ENERGYi,t-1)+ εit (1)
Where ;
CO2 = Carbon dioksida emission ( metric tons per capita)
GDP = Gross Domestic Product per capita (constant 2010 US$)
GDP2 = Quadratic formof GDP
ENERGY = Energy use (kg of oil equivalent per capita)
5. Results and Discussion
During 2007-2014, carbon dioxide emission in ASEAN tends to increase
8,833 metric tons percapita. Brunei was the most prominent contributor to carbon
dioxide emission percapita since 2007 until 2014. Brunei’s share of carbon
dioxide emission percapita in ASEAN region was 43,69 percent in 2014, followed
by Singapore (20.37%), and Malaysia (15.88%).
Figure 3 : CO2Emission In ASEAN 2007-2017
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Source: World Development Indicators
Figure 3 showed carbon dioxide emission per capita. From eight ASEAN
countries which include in the analysis, almost all of them had the same pattern of
carbon dioxide emissions per capita trends except Singapore and Brunei
Darussalam. More profoundly, between Singapore and Brunei Darussalam had the
same trend decreasing carbon dioxide emission per capita during 2004-2006. The
same thing also happened for the two countries when 2012-2013. Based on EKC,
this condition would occur because of the increase of wealth in that country. If
economies reach high income so the environmental degradation cases should be
decline. Of course, while another ASEAN countries showed the increase in their
carbon dioxide emission per capita but another side of wealthy countries in this
region had the distinguish from except Singapore and Brunei Darussalam.
In examining 9 ASEAN countries, we find that the lagged dependent
variable CO2(t-1) is positive and statistically significant at the 1% level, signifying
that high CO2 emissions do occur continuously from the past to the future. GDP
is positif and significant but the quadratic variable GDP2 is positive and
statistically significant at the 5% level, suggesting the result of this research
consistent with Kuznets’ hypothesis about environmental degradation. According
to Environmental Kuznets Curve (EKC) hypothesis, the economic progress could
give positive and negative impact on the environment. In the earlier stage of
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development of a nation may cause several environmental damages so the
environmental quality becomes low.
Table 1 : GMM Estimation Results
Variable Coefficient Std. Error t-Statistic Prob.
C -0.261240 0.081754 -3.195444 0.0023
CO2(-1) 0.676805 0.243122 2.783807 0.0072
GDP 0.000201 9.13E-05 2.202610 0.0316
GDP2 -3.19E-09 7.12E-10 -4.478347 0.0000
ENERGY(-1) 0.000476 0.000910 0.523290 0.6028
This situation happened due to industrialization that produces residual so
that economic development may negatively impact the environment condition.
Thus, at the wealth stage of a nation, economic activity tends to impact on
environmental quality positively. Since the wealthy nation’s economic threshold
dominated by a service sector that produces small quantity of residual, the positive
impact from economic development on environmental quality also caused by the
development of eco-friendly technology. These outcomes imply that the countries
of ASEAN have reached the stage where they can start to reduce their CO2
emissions as they grow economically. Hence such results confirm previous efforts
that found that a CO2 EKC can occur in countries as they develop economically
(Cole et al., 1997; Dietz and Rosa, 1997; Dutt, 2009; Galeotti and Lanza, 1999;
Sharma, 2011).
The result of the estimation from Table 1 and Table 2 of structural model
was as follows;
CO2it = -0.261240 +0.676805 CO2i,t-1*+ 0.000201GDPit* - 3.19 x 10-9 GDP2it* +
0.000476 ENERGYi,t-1+ εit (2)
Variable energy use (ENERGY) shows positive and insignificant results.
this shows that the energy sources used to meet energy needs in ASEAN countries
have not used environmentally friendly energy sources. the majority of ASEAN
countries still use fossil energy sources to provide energy supplies.
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The regression had R-square 97,19 percent. It means the explanatory
variable in equation structural form could explain the variation from the value of
GDP per capita by 97.19 percent. Besides, 2,81 percent the variation explained by
other variables outside this second structural equation form. The ability of GMM
equation model used to analyze relationship between Carbon dioxide emission
and economic development in ASEAN during 2007-2014 in this paper could say
that appropriate.
6. Conclusion
Many studies have produced various kinds of results that tend to conflict with
each other. While some agree that EKC will exist for CO2 emissions, other
studies question whether EKC CO2 really exists or if it is an econometric-made
construction. Therefore we have re-examined the relationship between CO2
emissions, economic development, energy use to further find any pattern that
might provide more insight into this relationship, using a more recent and
extensive dataset from the World Bank and ASEAN Statistical Yearbook.
We find that EKC is based on economic growth for ASEAN countries. Other
results show that energy use has a positive and not significant effect, which
indicates that the energy sources used by ASEAN countries are not
environmentally friendly. Therefore, ASEAN countries should switch to using
environmentally friendly technology. Thus, we present some general implications
that are important for the development of policies that can apply to all countries.
First, developed and developing countries must devote more resources to creating
efficient and inexpensive mass transportation and better infrastructure; like that
investment can fight the increase in CO2 emissions from existing and new car
culture. Second, countries throughout the world regardless of their development
status should educate their citizens more fully about the dangers of excessive CO2
concentrations and mass over-consumption of resources. Non-governmental
organizations can also help with the education process. These countries and
organizations must then try to nurture people with a strong will to resolve this
14
problem. In this way, CO2 concentrations can finally decrease and the world can
prevent environmental disasters.
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Lampiran
1. Hasil regresi GMM
Dependent Variable: CO2
Method: Panel GMM EGLS (Cross-section random effects)
Date: 12/20/18 Time: 19:42
Sample (adjusted): 2008 2014
Periods included: 7
Cross-sections included: 9
Total panel (balanced) observations: 63
2SLS instrument weighting matrix
Swamy and Arora estimator of component variances
White period standard errors & covariance (d.f. corrected)
Instrument specification: C CO2(-1) GDP GDP2 ENERGY(-1)
Variable Coefficient Std. Error t-Statistic Prob.
C -0.261240 0.081754 -3.195444 0.0023
CO2(-1) 0.676805 0.243122 2.783807 0.0072
GDP 0.000201 9.13E-05 2.202610 0.0316
GDP2 -3.19E-09 7.12E-10 -4.478347 0.0000
ENERGY(-1) 0.000476 0.000910 0.523290 0.6028
Effects Specification
S.D. Rho
Cross-section random 0.000000 0.0000
Idiosyncratic random 0.893695 1.0000
Weighted Statistics
R-squared 0.971974 Mean dependent var 5.412444
Adjusted R-squared 0.970041 S.D. dependent var 6.807693
S.E. of regression 1.178325 Sum squared resid 80.53012
Durbin-Watson stat 2.543007 J-statistic 1.09E-21
Instrument rank 5
Unweighted Statistics
R-squared 0.971974 Mean dependent var 5.412444
Sum squared resid 80.53012 Durbin-Watson stat 2.543007
